. Signal stability as a function of chamber actuation. The signal remains robust irrespective of chamber actuation. When moving the chamber, the signal changes slightly due to induced fluid flow as the chamber volume increases. In this case, convective forces pull molecules along the surface of the electrode, facilitating some charge transfer and resulting in minor fluctuations (6%, on the same order as our limit of detection) in the peak current. 
Description of the Computational Model
To predict the production rate of cells, we developed a diffusion-reaction model that accounts for the transport of cytokines in the solution and the binding of those cytokines to the aptamers immobilized on electrode surface. Since the flow in microfluidic device was stopped during the experiment, we assumed that the convection is negligible in the detection process. The transport of cytokines was only due to diffusion which is governed by
Where C is the concentration of cytokines in the media and D is the diffusion coefficient of the cytokine. The cytokine-aptamer binding on the electrode surface was modeled by the first-order reaction kinetics 1 , (2) In the above equation, B is cytokine-aptamer conjugation on the sensor's surface; A 0 is the initial surface concentration of aptamer; k on and k off are the association and disassociation constants, respectively. The binding process depends on the concentration of available binding sites, and the cytokine concentration C at the aptasensor surface whereas the unbinding process depends on concentration of bound cytokines only. The surface reaction and bulk diffusion are coupled together through a boundary condition on the sensor surface,
where is the molar flux of C normal to the sensor surface. We assumed that the rate of cytokine production was a constant value during the entire detection process, which is described by a boundary condition in the model, (4) where is the cell secretion rate, N c is the total number of cells captured in the cell capture region A c . The measured signal S(t) is the integration of the fraction of occupied binding sites over the whole sensor surface Ω,
The above equations were solved with a finite element method using COMSOL Multiphysics (COMSOL Inc., Burlington, MA). A cylindrical coordinate system where the axis is at the center of the electrode was used to reduce the calculation burden. The finite element model was set up in COMSOL taking into account the device geometry -300µm diameter circular sensing area and a cytokine production annulus, inner diameter 300µm and outer diameter 800µm as shown in Figure S3A . For the collapsed chamber, these features were placed on the bottom center of a cylinder 1mm diameter and 100µm in height. In the raised configuration, the model incorporated a 3mm diameter cylinder instead of 1mm. The constants used in this simulation are summarized in Table S1 , and the results are plotted on Figure S3B . For a given secretion rate , we can obtain modeled signals at each time point according to equation (5) . Comparisons of the modeled signals to the observed signals yielded residuals, which were squared, summed, and minimized to obtain the best fitting secretion rate for each data set.
Constant Value Units
Molecular Weight Table S1 . Values for the constants used in the simulation.
Because the cellular production rates were held constant, the secretion profiles did not match the experimental data exactly, underestimating at early timepoints while overestimating at later timepoints. To obtain truly dynamic secretion rates, we could the incorporate the data into a multi-stage COMSOL-MATLAB program that would fit the best secretion rate from one data point to the next. We could also extrapolate intermediate data points and increase the temporal resolution of our secretion rates from the simulated results.
Moreover, the constant secretion rate assumption does not affect our conclusions about the autocrine/paracrine intercellular interactions. The cells were assumed to have one secretion rate before 120 min and another secretion rate after. For this scenario, the secretion rates in the open, activated configuration were determined to be 0.0207 and 0.0120 pg/cell/h respectively for earlier and later stage of release; while enclosed, the rates were 0.0291 and 0.0078 pg/cell/h. In the unactivated case, the enclosed rates were 0.0105 and 0.0002 pg/cell/h; open rates were 0.0056 and 0.0001 pg/cell/h. As shown in Figure S2C -F, the difference between the dashed line (generated by taking applying the "open" secretion rates in the "closed" geometry) and the fitted line for "enclosed" is still significant, implying that the conclusion is independent of the "constant rate" assumption.
Figure S2. (A)
Schematic overview of the model geometry. The gold region is the cytokinebinding region, while the red is the cytokine production region. Simulation of the "closed" scenario is shown with a 1mm diameter enclosure, while "open" was modeled with a 3mm diameter enclosure (not shown). (B-E) Experimental and computational results for quiescent cells with a constant secretion rate (B, D) or two secretion rates (C, E). The increase in signal due to chamber geometry alone is a factor of 1.8 (B) to 2.2 (C), but it is insufficient for explaining the enclosed signal enhancement. As shown above, the dashed lines are consistently below the modeled line, even if two rates are used. Thus, intercellular signaling may be at work. 
Validating Aptasensor Signals via Immunoassay
To verify that the enhanced electrochemical signals were specific, a fluorescence immunoassay was performed using the same microfluidic chamber geometry. Cell-capture antibodies and cytokine-capture antibodies (Mouse anti-human TNF-α MAB, Clone 28401 R&D Systems, MN) in 1% bovine serum albumin (Sigma-Aldrich, MO) were co-incubated at 0.2mg/mL into the 800µm diameter PEG wells, immobilized onto the acrylated silane surface.
All other experimental procedures were kept the same as previously described. At the end of 4h, the chambers were raised and immunostaining was performed using standard protocols: 5 µg/ml biotinylated human anti-TNF-α (R&D Systems, BFA210), were incubated in the channel for 1h
followed by streptavidin-alexa 546 (1:100 in 1% BSA with PBS) for 30min. Cells were fixed with 1%PFA (1:100 in PBS) and stained with 28.5 µM DAPI (Life Technologies, D1306).
Images were taken by Zeiss LSM700 confocal microscope, and fluorescence intensities were quantified using a laser microarray scanner (Agilent, Santa Clara, CA) and analyzed using 
